Double Labeling for Whole-Mount In Situ Hybridization in Mouse
BioTechniques 24: [914] [915] [916] [917] [918] (June 1998) Single-labeled whole-mount in situ hybridization is a valuable tool for studying gene expression during embryonic development. However, to understand possible interactions between two genes, it is advantageous if the expression patterns of both genes can be visualized in the same embryo. Several methods for sequential double labeling for whole-mount in situ hybridization have been described (6) and used successfully in Drosophila (1) and zebrafish (7) . Similar methods have also been applied to large vertebrate embryos such as chicken (3, 5) and Xenopus (8) ; however, in mouse it has been difficult to achieve good signal quality. Of the reagents and substrates available, alkaline phosphatase (AP) visualized with NBT/BCIP (Boehringer Mannheim, Indianapolis, IN, USA) is preferred because it provides a strong clean signal. For double labeling, detection of the second signal often relies on reagents other than AP or substrates with lower signal intensity than NBT/BCIP. Frequently, this results in high background and low signal intensity. However, using BCIP as the sole substrate for AP produces a turquoise signal (6) with an intensity matching the dark purple signal obtained with NBT/BCIP. We describe how these two substrates can be combined to provide an improved method for signal detection in doublelabeled whole-mount in situ hybridization in mouse.
Pretreatment . The method used is modified from the methods in References 2 and 4. Embryos are dissected in diethyl pyrocarbonate (DEPC)-treated phosphate-buffered saline (PBS) and fixed overnight in 100 mM MOPS, pH 7.4, 2 mM EGTA, 1 mM MgSO 4 and 4% formaldehyde. After fixation, the embryos are washed twice in DEPCtreated PBS containing 0.1% Tween ® 20 (PBST) (Sigma Chemical, St. Louis, MO, USA) and dehydrated in a series of 25%, 50% and 75% methanol in DEPCtreated PBST for 10 min each step. The embryos are then washed twice in icecold methanol and stored at -20°C. For rehydration, the embryos are taken through the same methanol concentration in reverse order. All steps are carried out on ice, and the embryos are allowed to sink in each concentration. After three washes in DEPC-treated PBST, the embryos are treated with proteinase K (10 µ g/mL; Boehringer Mannheim) in DEPC-treated PBST at room temperature. The time of treatment depends on the size of the embryos and on the sites of gene expression. In cases in which the investigated genes are expressed in different tissues such as ectoderm and mesoderm, the time of treatment must be compromised; it must be long enough to reach the deeper mesoderm but short enough to avoid degradation of superficial tissues. In this study, we treated E12.5, E12.0 and E11.0 embryos for 50, 30 and 25 min, respectively (special care was taken when examining gene expression in the apical ectodermal ridge). The embryos are then incubated in hybridization solution at 65°C. After 1 h, the solution is changed, and the prehybridization is continued for another 3-4 h. RNA probes are labeled with DIG-11-UTP or fluorescein-12-UTP (both from Boehringer Mannheim), following the manufacturer's instructions. The differently labeled RNA products are added to the embryos (0.2-1 µ g/mL digoxigenin-labeled RNA probe and 0.2-1 µ g/mL fluorescein-labeled RNA probe), and hybridization is carried out overnight at 65°C. The post-hybridization washes are in decreasing concentrations of hybridization solution in 2 × SSC (75%, 50% and 25%). Each step is carried out at room temperature for 10 Benchmark s min. This is followed by two 30-min washes in 2 × SSC, 0.1% CHAPS at 20°C and two 30 -min washes in 0.2 × SSC, 0.1% CHAPS at 55°C.
Blocking. The embryos are washed twice in PBS and then once in PBST and 0.1% Triton ® X-100 (Sigma Chemical) before being transferred to blocking solution (PBST, 0.1% Triton X-100, 2 mg/mL bovine serum albumin [BSA] [BDH Chemicals, Poole, Engl and, UK] and 15% heat-inactivated s heep serum [Sigma Chemical]). After 3-4 h incubation at 4°C, fresh blocking solution containing pre-absorbed antibody agai nst one of the two RNA specimens (anti-digoxigenin-AP or anti-fluorescein-AP [both from Boehringer Mannheim]) is added to the embryos. The antibody reaction is carried out overnight at 4°C. To remove unbound antibody, the embryos are washed in PBST, 0.1% Triton X-100 and 0.1% BSA five times for 1 h. Because a low background signal is important for the final result, we usually carry out an additional wash overnight.
Primary color reaction. To develop the color, we use the AP substrates BCIP (turquoise) and NBT/BCIP (dark purple). We have obtained the best results when the BCIP stain is carried out before the NBT/BCIP stain. The embryos are washed twice in NMT buffer (100 mM NaCl, 50 mM MgCl 2 , 100 mM Tris [add HCl to pH 9.5]) containing 0.1% Triton X-100 and 0.1% Tween 20 for 30 min and then three times in NMT buffer for 10 min. The signal is visualized in NMT buffer containing 3.5 µ L/mL BCIP (50 mg/mL in 100% dimethylformamide [BDH Chemicals]). Usually, the turquoise color develops overnight. When developed to the desired extent, the color reaction is stopped by washing in PBS. The embryos are fixed for 1 h in 4% paraformaldehyde and washed in PBS. The first antibody is inactivated at 65°C for 1 h. The embryos are transferred to blocking solution, and the blocking step and antibody reaction are repeated using the second antibody. Unbound antibody is removed by washing the embryos in PBST, 0.1% Triton X-100 and 0.1% BSA five times for 1 h and once overnight.
Secondary color reaction. The embryos are washed twice in NMT buffer, 0.1% Triton X-100 and 0.1% Tween 20 for 30 min and three times in NMT buffer for 10 min. The second signal is visualized in NMT buffer containing 3.5 µ L/mL BCIP and 4.5 µ L/mL NBT (75 mg/mL in 70% dimethylformamide). When developed to the desired extent, the color reaction is stopped by washing in PBS, and the embryos are fixed in 4% paraformaldehyde overnight and stored in PBS.
To verify the quality of the double -labeling method, mouse limb buds were hybridized with a number of different probes (Figure 1) . These results showed that the staining intensity and sensitivity of the two stains are comparable ( Figure 1, A and B) . The signal takes longer to develop when stained with BCIP. However, low background allows the staining process to continue for long periods, thus compensating for 916BioTechniques
Vol. 24, No. 6 (1998) the slow development. The low background especially applies for detection of digoxigenin-labeled RNA probes. When detecting identical probes labeled with fluorescein, the background is higher, presumably because of nonspecific binding of the fluorescein antibody (the higher background is detected with both BCIP and NBT/BCIP). In cases in which the investigated signals are of different intensity, we obtained the best results when the probe giving the strongest signal was labeled with fluorescein.
Another consideration is the expression domains of the investigated genes. For overlapping expression domains, the blue color produced with BCIP will be masked by the purple precipitate produced with NBT/BCIP. Thus, in cases in which the expression domains of the investigated genes overlap, the blue color must be designated to the largest expression domain ( Figure 1C ). Another option is to photograph the specimen before the secondary color reaction is carried out. We have used double labeling in situ hybridization to investigate gene interactions in mouse limb buds (Figure 1, C, D and F The Escherichia coli lacZ -encoded β -galactosidase ( β -gal) is widely used as a reporter gene in molecular and developmental biology. In Drosophila , lacZhas been used to study the spatiotemporal expression of tissue-specific genes in transgenic flies or embryos (1) (2) (3) 7) . In enhancer trap studies, lacZis constructed in an engineered Pelement that is inserted randomly in the chromosomes in which the expression pattern of lacZfrequently reflects the expression pattern of a gene in the vicinity of the inserted Pelement (3). There have also been studies on regulation of gene expression in which genomic fragments of tissue-specific genes are fused with the lacZgene, and transgenic flies are examined to identify the minimum enhancer for the tissue-specific expression pattern (5) . The lacZgene has also been introduced into balancer chromosomes (i.e., Cyo-wg-β and TM6B-β ) to facilitate the identification of null mutant embryos (those lacking the expression of lacZ ) unequivocally (4) .
The expression of lacZcan be detected either immunocytochemically or histochemically. In immunocytochemical staining, the β -gal antigen is detected by antibodies, and in histochemical staining, the enzyme activity of β -gal is detected using the chromogenic substrate 5-bromo-4-chloro-3-indolyl-β -Dgalactopyranoside (X-gal) (2). Generally, the antibody staining is more sensitive than X-gal staining. However, histochemical staining using X-gal does provide an economical, time-saving, convenient and low-background alternative to the antibody staining. Double staining whole embryos with X-gal and antibodies has also been developed to determine the cell type and the β -gal activity in a given cell (6) . However, Xgal staining of Drosophilaembryos suffers from several disadvantages. The X-gal staining often interferes with antibody staining (6) , and the blue X-gal
